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ABSTRACT 


Numerous  proprietAry  and.  developmental  organic  coatings  are  screened 
for  relative  corrosion  protection  of  magnesium  sheet  alloy,  with  respect  to 
a current  Government  specification  system.  Superior  primers  and  systems  are 
more  fully  evaluated  for  mechanical  properties  as  well  as  corrosion  protection. 
It  was  found  that  air-dry  vinyl  aystms  offer  optimum  protection,  considering 
the  systems  tested.  Developmental  data  and  discussions  of  magnesium  corrosion 
Inhibitors  and  galvanic  cell  test  methods  are  includsd  in  the  report. 
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PROTECTIVE  CO/ TINGS  FOR  MAGNESIUM 


1.  INTB0DUCTIOH 

1.1  The  aircraft  designer  is  continually  searching  for  stronger  and  lighter 
structural  materials.  Too  frequenuxy  he  must  pay  a penalty  for  the  more' 
desirabl'  o materials.  That  penalty  may  be  in  availability,  in  processing, 
fabrication  or  forming  problems,  or  in  service  factors  such  as  fatigue 
resistance  or  corrosion  susceptibility. 

1.2  Magnesium  and  its  alloys  offer  considerable  promise  to  the  designer  be- 
cause of  outstanding  strength  to  veight  ratios.  The  rs.tr  material  source 
for  magnesium  Aa  virtual ly  inexhaustible,  and  processing  and  fabrication 
problems  have  been  minimized  by  development  work  of  the  past  few  year*. 

One  of  the  primary  factors  delaying  the  wide  use  of  magnesite  for  air- 
craft structural  pans  is  its  corrosion  susceptibility.  Since  modem 
aircraft  are  subjects!  to  wide  extremes  of  environmental  conditions  and 
magnesite  is  inherently  a highly  active  metal  in  the  presence  of  water 
or  other  corroding  media,  a durable  and  practical  protective  finish  is 

essential. 

■ 

1.3  This  project  was  initiated  to  investigate  and  consolidate  reported  data 
on  the  efficiency  of  magnesium  protection  offered  by  existing  or  newly 
developed  organic  finishes.  It  was  hoped  that  general  conclusions  could 
be  derived  that  would  contribute  to  the  development  of  a finish  system 

to  enable  the  use  of  magnesium,  alloys  to  be  used  in  aircraft  design  with- 
out concern  as  to  corrosion.  Obviously,  such  a comprehensive  program  of 
evaluating  corrosion  protective  properties  must  be  limited  by  a number 
of  simplifying  assumptions  since  the  correlation  of  accelerated  aging 
tests  and  service  life  is  highly  opinionated  and  subject  to  many  variables. 

1.4  Since  magnesium  exhibits  a highly  electronegative  potential  with  respect 
to  hydrogen  in  the  so-called  galvanic  series,  it  is  susceptible  to  corro- 
sion or  solution  in  water.  The  corrosion  products  formed  apparently 

show  little  tendency  to  passivate  or  inhibit  this  solvent  action.  As 
corrosion  progresses,  small  areas  on  the  magnesium  surface  begin  to  .shew 
differing  electromotive  potentials  with  respect  to  each  other,  and  gal- 
vanic currents  flow  which  accelerate  the  corrosion  or  solution  -of  the 
anodic  (more  electronegative)  surfaces.  In  many  cases,  high  galvanic 
currents  may  flow  initially  due  to  surface  impurity  inclusions,  attach- 
ment of  other  more  cathodic  metals  to  the  magnesium  surface,  or  to  other 
causes  such  as  solution  concentrations,  oxygenation,  etc. 

1.5  Two  fundamental  approaches  to  magnesium  corrosion  protection  become  ap- 
parent: (1),  surround  the  magnesium  with  an  impermeable  film  to  com- 

pletely exclude  water,  and  (2),  to  include  certain  soluble  or  polarizing 
materials  in  the  protective  fiiui  such  that  when  water  does  penetrate, 
polarisation  phenomena  take  place  ana  galvanic  or  corrosion  currents 

arts  nolri  to  a minimum  by  the  increased  effective  internal  cell  resist- 
ance. It  la  believed,  that  the  more  efficient  and  practical  mgnesiua 
•wt-ias*  should  incorporate  come  measure  of  each  of  these  two  protect- 
ive mechanisms, 

lc  6 Before  thads  two  fundament  si  mechanisms  can  Ly~v>  0 X aJltslS  i-1  fcJ-O  Ur  1^1  L.  v v w S ^ 

ful  magnesium  finish,  consideration  must  be  given  to  the  essentxAl  film 
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properties.  These  properties  include:  (I)  electrical  insulation. 
either  by  dielectric  mechanisms  or  by  apparent  polarization  phenomena, 

(2)  alkali  resistance,  required  by  the  nighly  alkaline  hydrolysis  of 
magnesian,  and  (3)  adhesion,  which  is  a prime  factor  of  the  coating 
durability.  For  specific  coatings,  other  properties  may  be  of  greater  or 
lesser  importance,  such  as  flexibility,  hardness,  ultra -violet  radiation 
resistance,  water  resistance,  etc.  It  is  apparent  that  relative  evalua- 
tions of  coatings  must  consider  all  pertinent  properties  and  screening 
tests  and  their  evaluations  must  be  Judged  accordingly. 

1.7  As  an  aid  in  the  development  of  this  project,  a "prior  art"  search  was 
made  including  a survey  of  opinions  and  products  of  many  of  the  leading 
paint  and  resin  manufacturers  and  corrosion  experts.  While  the  response 
to  the  circulated  questionnaire  was  quite  cooperative,  it  was  apparent 
that  a wealth  of  information  is  available  for  ferrous  metals,  but  sur- 
prisingly little  work  has  been  done  on  corrosion  mechanisms  and  protective 
measures  for  the  lighter  mstala,  particularly  magnesium.  The  survey  re- 
sults themselves  were  useful  in  indication  fields  of  further  study,  and 
many  of  the  ideas  generated  have  been  reflected  in  products  and  discus- 
sion presented  in  the  body  of  this  report. 

1.8  This  report  represents  an  attempt  to  tabulate  the  observed  performance 
properties  of  many  proprietary  and  experimental  magnesium  coatings  and 
to  present  some  developmental  data  that  may  be  of  value  for  future  work 
in  this  field. 


2,  fESf  agraoss 

2,1  Corrosion  Testing 


2.1.1  From  a laboratory  viewpoint,  accelerated  aging  tests  are  highly 

desirable  because  they  produce  results  in  a relatively  short  time. 
However,  real  benefit  can  be  derived  from  a ccelerated  tests  only 
if  they  closely  simulate  the  service  exposure  conditions  or  if 
they  contribute  better  understanding  of  the  aging  (or  corrosion) 
mechanisms.  Since  magnesium  is  chemically  so  highly  electronega- 
tive, it  has  been  assumed  that  corrosion  is  primarily  a function 
of  galvanic  current  flowing  either  between  electrically  dissimilar 
portions  of  the  metal  surface  or  bstusaa  couples  set  up  by  attach- 
ment of  a more  noble  metal.  The  primary  test  method  relied  upon 
for  screening  and  evaluation  testing  of  magnesium  finishes  has 
been  the  standard  salt  spray  corrosion  test  cabinet  because  the 
accelerated  corrosion  so  obtained  can  be  considered  a major  func- 
tion uf  galvanic  potentials.  3*1 t spray 


were  standarized  in  the  following  form: 
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fiinsu  suigAOtt  uiBBmuar  taeta 

were  attached  with  56s  aluminum 
alloy  rivets  after  painting  the 
magnesium  panel. 


-051  nftgne'il urn  FS— lh  panel 
pre-paint  treatment,  unless  otherwise  specified )< 


(Dow  #7 


WAjf;  'rfi,  52-99 


2.1. 2 The  edges  of  the  test  panel  wars  given  a spray  coat  of  the  test 
finish  just  prior  to  spraying  the  panel  surface,  and  were  not 
otherwise  protected,  either  by  deburring  (rounding)  or  by  waxing. 
The  panels  wore  suspended  vertically,  *nd  the  die  similar  metal 
angles  consisted  of  24S-T3A1,  top  and  bottoa,  cadmium  plated  steel, 
and  75S-T6A1,  in  most  cases.  The  angle#  were  varied  in  some  tests 
to  determine  effects  with  other  metals  such  as  copper  or  Type  302 
stainless  steel-:  The  overall  corrosion  evaluation  was  .affected 
very  little  by  these  variances,  although  302  stainless  normally 
caused  the  greatest  attack,  with  243  aluminum  and  copper  being 
nearly  as  severe. 

2.1.3  Since  bools  finishes  may  be  aora  affected  hy  the  high  chloride  ion 
content  of  the  salt  spray  than  others,  the  salt  spray  evaluation 
must  be  tempered,  in  marginal  cases,  by  other  test  methods.  Ac- 
celerated outdoor  weathering  exposure  was  used  for  this  purpose., 
with  small  painted  panels  of  magnesium  alloy  prepared,  with  a 
24S-T3  formed  angle  attached  as  shewn  below. 

X 

5" 

Jl 

2.1.4  These  panels  were  mounted.  45°  from  the  horizontal,  facing  south 
on  an  outdoor  stand,  and  natural  sea  water  sprayed  daily  on  the 
panels.  This  method  accelerated  galvanic  corrosion  while  expos- 
ing the  finish  to  the  deteriorating  effects  of  sunlight  and  con- 
densing moisture.  However,  the  benefits  of  the  method,  could  not 
be  fully  utilised  because  of  time  limitations. 

2.2  Film  Properties 

2.2.1  Sunlight  and  weathering  effects  were  simulated  by  Atlas  Twin-Arc 
Veatherocneter  exposure.  This  test  primarily  sho^  the  dependence 
of  the  film  protection  on  volatile,  soluble,  or  oxidizable  com- 
ponents. 

2.2.2  Eicaidity  effects  were  tested  in  a standard  humidity  cabinet  main- 
taining 95$  + 5%  Relative  Humidity  at  100°F.  Films  with  hygro- 

scopic tendencies  allow  film  softening,  blistering,,  and  corrosion. 

2.2.3  Flexibility  was  determined  by  bending  a panel,  ( = 051  x 3 x 5) 
coated  with  the  test  finish,  over  a 0.50  diameter  mandrel.  The 
pnucl  was  ucul  ISO  at  rCuu  toLucraturs  ami  after  aging  at  2GC'^F 
for  48  hours.  Rupture  of  the  film  on  the  tension  side  wes  con- 
sidered to  be  failure  primarily  in  flexibility,  while  rupture  ou 
the  compression  side  of  the  bend  was  considered  primarily  due  to 
adhesion  failure. 

2.2.4  Adhesion  van  not  determined  quantitatively,  but  on  a relative 
basis.  Fingernail  and  knife  scratching  and  peeling  were  observed. 
For  more  critical  deteminations,  parallel  lines  approximately 
X/l6  inch  apart  were  scribed  on  the  paint  surface  to  form  a grid. 
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Four  lines  in  each  direction  vere  normally  suff icient.  When  ad- 
hesion was  poor,  the  squares  of  paint  would  flake  off  during  the 
scribing.  The  ease  with  which  the  squares  part  from  the  panel 
is  a fairly  critical  measure  of  adhesion,  if  some  consideration 
is  made  of  the  degree  of  cohesion  of  a particular  finish. 

2 . 3  Fuel  Reels tan c e 


2.3.1  Specimen  panels,  .051  x 3 x 5>  coated  with  the  test  finishes 
were  immersed  in  jet  engine  fuel  (JP-4)  for  four  hours  at  an 
approximate  temperature  of  70°F.  (This  fuel  is  a hydrocarbon 
mixture  with  approximately  15%  aromatics).  The  panels  were 
visually  rated  on  the  basis  of  film  softening,  loss  of  adhesion, 
blistering,  and  appearance  changes. 

2.4  Water  Resistance 


2.4.1  Specimen  pa^ls,  ,051  x 3 x 5,  coated  with  the  test  finishes  were 
ioaersed  in  tap  water  at  room  taaperature  for  24  hours.  The  panels 
were  visually  rated  on  the  basis  of  film  softening,  loss  of  adhe=- 
sion,  blistering,  and  appearance  changes. 

2.5  Hydraulic  Fluid  Resistance 

2.5.1  Specimen  panels,  .051  x 3 x 5,  coated  with  the  test  finishes  were 
isaereed  in  mineral  oil  hydraulic  fluid  (Spec.  hIL-O-5606)  at 
room  temperature  for  24  hours.  The  panwls  were  visually  rated  on 
the  basis  of  film  softening,  loss  of  adhesion,  blistering,  and 
appearance  changes. 

2.6  Electrochemical  Tests 


2.6.1  Three  fundamental  test  methods  were  uned  in  the  study  of  pigment 
inhibition  and  ion  permeability. 

2. 6- l.i  simple  evaluations  of  corrosion  inhibiting  properties  of 
pigments  and  soluble  additives  were  made  with  an  apparatus 


Additives  were  placed  in  the  anode  or  cathode  solution, 
as  desired,  to  form  a saturated  solution.  Corrosion  in- 
hibition evaluation  was  based  upon  actual  corrosion  of 
the  anode  (magnesium)  and  by  observation  of  side  effects 

rni  a r-»  An  r~z  r'  n ' — - 7 - - X 4 — ^ ""  — — *■«  1 1 . - - U V ^ - 
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2. 6.1.2  The  change  of  corrosion  current  with  time  for  a partic- 
ular finish  was  measured  by  use  of  a zero-resistance 
ammeter  circu.it  so  that  the  deterioration  of  the  film 
could  be  evaluated  by  the  flow  of  galvanic  current  under 
simulated  short-circuit  conditions.  The  apparatus  was 


in  accordance  with  the  sketch  below. 


By  adjusting  the  resistance,  the  potential  differential 
between  anode  and  cathode  coapartments  of  the  cell  was 
reduced  to  zero,  so  that  the  current  measured  at  A was 
a function  of  the  effective  internal  resistance  of  the 
cell  only.  This  condition  simulates  a corrosion  test 
panel  where  the  dissimilar  natal  is  riveted  or  fastened 

J4 .A  1 i — A.  \ — J - — . . a.  . _ x 
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resistance. 


This  test  method  interposes  the  condition  of  immersion 
in  the  electrolyte,  which  is  normally  not  true  for  cor- 
rosion specimens  in  accelerated  aging  test.  However, 
the  permeability  of  a coating  to  ion  conduction  can  be 
easily  observed,  and,  of  particular  interest,  the  change 
in  current  with  time  on  rupturing  of  a finish  (such  as 
a scratch  or  puncture)  can  be  plotted  accurately. 

it  is  presumed  that  this  "inhibition  curve"  demonstrates 
the  effectiveness  of  a finish  additive  in  combating  mois- 
ture permeation  or  film  rupture  effects. 

The  particular  apparatus  used  was  capable  of  measuring 
currents  as  low  as  0.01  microamperes.  For  ease  of  hand- 
ling and  improved  control  of  test  conditions,  all  data 
werts  obtained  by  use  of  the  isolated  half-cells . For 
this  reason,  the  limiting  current  in  the  cell  at  short 
circuit  may  have  been  restricted  by  the  increased  inter- 
nal resistance  due  to  the  agar  gel  conducting  bridge. 

This  influence  was  not  considered  to  be  too  significant, 
since  relative  effects  and  curve  shapes  were  the  primary 
interest. 


Cell  potentials  vo.  cell  current  were  plotted  for  mag- 
nesium-aluminum cells  to  evaluate  polarization  phenomena 
of  various  inhibiting  pigments.  Unpainted  electrodes 
were  used  in  the  same  cell  apparatus  as  described  above 
for  the  zero  external  resistance  current  measurements. 
Ano'de  and  cathode  potentials  were  measured  with  refer- 
ence to  a cai.omel  naif-cell,  and  absolute  values  convert- 
ed to  hydrogen  electrode  reference.  U3irg  the  zero-resist- 
ance ammeter  circuit  to  vary  the  cell  current  from  zero 
(open-cirucult)  to  maximum  (short-circuit),  potentials  of 
each  electrode  were  measured  in  an  external,  potentio- 
iaeter- bridges  balanced,  zero  current  circuit.  Plots  wore 
made  of  potential  vs.  current,  for  various  additives  to 
cathode,  anode,  or  both,  to  graphically  demonstrate  the 
pola-xiration  or  depolarization  effectiveness  of  the 
additive . 
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2,6.2  Some  of  the  inhibitors  studied  under  methods  (1)  and  (3)  above 

were  milled  into  an  experimental  alkali  resistant  modified  alkyd 
resin  and  evaluated  as  a paint  film.  Pe>.nel  test  results  reported 
for  Northrop  - source  finishes  are  of  thi3  nature.  The  resin  used 
was  known  to  be  peraeaoio  to  conducting  Ions  when  pigmented,  as 
evidenced  in  preliminary  testing  by  method  (2)  above.  These  fin- 
ishes offered  excellent  opportunity  to  evaluate  films  dependent 
primarily  upon  inhibit ive  properties  for  protection. 


2.7  Notes 


2.7.1  All  finish  evaluations  reported  herein  were  conducted  on  magnes- 
ium alloy  FS-IH.  Most  of  the  panels  were  fabricated  from  .051 
sheet  stock,  although  some  corrosion  test  panels  were  made  from 
.040  sheet.  The  corrosion  performance  of  these  two  thicknesses 
appeared  to  be  identical. 

2.7.2  All  evaluation  finishes  were  applied  by  spray  technique,  with 
the  finish  thinned  and  handled  in  accordance  with  the  vendor's 
recomaeadations.  No  control  could  he  exercised  by  this  con- 
tractor over  the  vendor  application  spray  technique  or  equip- 
mantj  however,  Northrop  application  involved  use  of  the  DeVil- 
biss  Touch-up  Spray  Gun  for  screening  tests,  and  the  American 
Brake  Shoe  Gun,  Model  S-70,  for  evaluation  tests  of  screened 
materials.  Both  guns  were  operated  at  35  lbs.  air  pressure. 


o 
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3.  TEST  RESULTS 


3.1  Part  1 - Screening  Tests 

3.1.1  Commercial  and  experimental  primers  and  finishes  were  screened 
for  corrosion  protection  of  magnesium  by  120  hour  exposure  to 
salt  fog  in  a standard  salt  spray  cabinet  (Industrial  Filter 
and  Pump  Mfg.  Co.,  Type  CA3).  Salt  concentration  was  20^  and 
the  temperature  was  controlled  at  93  - 2°F. 

3.1.2  The  test  results  are  presented  in  tabular  form  for  more  conven- 
ient reference.  Each  panel  tested  is  listed  by  panel  number. 

The  numbering  system  has  no  particular  significance  except  as 
an  aid  to  laboratory  personnel  in  maintaining  records. 

3.1.3  The  source  (or  manufacturer)  of  each  finish  is  given  by  number 
only.  The  identification  of  a number  with  a particular  vendor  or 
manufacturer  is  given  on  a Finish  Key  list  furnished  as  a 
separate  appendix  to  this  report. 

3.1*4  Finishes  are  pigmented  . ,A  air  dried  unless  otherwise  stated. 

3.1.5  Evaluation  ratings  are  from  1 (very  poor,  failure)  to  10  (excellent). 

TABLE  1 


VLMYLS  AND  MODIFIED  VINYLS 


PANEL 

NO. 

SOURCE 

(MFG) 

NO.  OF 
COATS 
INCLUD 
PRIMER 

NO.  OF 
FINISHES 
E.G.  PRIM- 
ER-TOP COAT 
ETC. 

07ES- 

ALL 

FINIS-: 

SYSTEM 

THICK. 

EVALUATION 
(SALT  SPRAY,  120  HRS 

REMARKS 

COR- 

ROSION 

RESIST- 

ANCE 

ADHE- 

SION 

BLIST- 

ERING 

8 

(s.c.s.) 

9 

3 

2 

.0015 

3 

9 

9 

Specification  Control  System 

i (s.c.s) 

3 

2 

.0015 

5 

9 

9 

Specification  Control  System 

1 

Suspended  Horizontally 

1 

1 

1 

3 

5 

5 

1 

2 

2 

.0020 

5 

5 

7 

1 

2 

2 

.0020 

5 

5 

7 

Panel  scratched  between  angles 

13 

2 

1 

.0020 

5 

7 

9 

5 

13 

5 

1 

.0020 

5 

7 

9 

Panel  scratched  between  angles 

10 

13 

2 

1 

.0010 

8 

9 

7 

Pigment  modified  #4 

11 

13 

2 

1 

.0010 

6 

8 

8 

#10,  except  phosphate  pre-paint 

treatment 

12 

13 

2 

1 

.0015 

k 

7 

8 

#10,  no  pre-paint 

13 

19 

2 

1 

.0015 

7 

7 

8 

14 

19 

2 

1 

.0020 

6 

6 

8 

#13,  phosphate  pre-paint 

15 

19 

2 

1 

.0030 

a 

6 

8 

#13,  no  pre-paint 

21 

mm 

2 

2 

.0050 

6 

7 

8 

22 

2 

2 

.0020 

A 

7 

8 

EK 

2 

1 

.0020 

6 

8 

8 

No  pre-paint 

30 

n 

2 

1 

.0020 

— 

6 

8 

b 

#29,  Dow  #7  pre-paint 
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TABLE  1 (Cont'd, ) 


VINYLS  AND  H0DIFI5B  VINYLS 


i PANEL 
| NO. 

' 11 

35 

43 

44 

I 45  ' 

46  j 

47 
U& 

49 

50 

51 

52 

53 

54 

55 

56 
60 
61 
62 

63 

64 

65 

70 

71 

72 

73 
j 76 
! 79 

80 
i 81 


82 


u** 

85 


| 

1 

! EVALUATION 

I 

NO.  OF 

; OVER- 

I (.SALT  SPRAI 

NO.  OF 

ESjgagM 

; ALL 

COR- 

j COATS 

, E.G.  PRIM- 

; FINISH 

RCSIOS 

II 

SOURCE 

' IN  CHID 

1ER-TOP  C0A1 

i SISTER 

R5SIS1 

'-ACHE 

4-BUSTf 

(MTO.) 

EiS52i 

ETC. 

1 THICK 

ANTE 

1 SION 

— 1 'I 

.U 

2 

1 

Bllll 

8 

! Special  pre-paint  treatment 

11 

2 

1 

8 

8 

Vapor— blast  clean,  no  pre-paint 

9 

1 

1 

.0005 

5 

6 

9 

Scratched  to  bare  octal.  Coating 

baked  at  300®F  for  20  min. 

9 

1 

1 

.UC15 

L 

4 

5 

#43 > no  pre-paint 

9 

1 

1 

.0005 

3 

4 

4 

No  pre-paint . Coating  baked  at 

350°F  for  30  min. 

9 

1 

1 

.0010 

4 

5 

9 

#45,  Dow  #7  pre-paint.  Coating 

baked  at  350°F  for  30  min. 

9 

2 

2 

.0010 

4 

4 

9 

No  pre-paint,  top  coat  baked 

30  min  at  350°F. 

9 

2 

2 

.0005 

4 

10 

10 

No  pre-paint,  top  coat  baked  30 

min.  a t 350°F. 

9 

2 

2 

.0010 

5 

7 

8 

No  pre-paint,  top  coat  baked  30 

min.  at  350°F. 

11 

2 

1 

.0025 

8 

6 

9 

Dow  #7  pre-paint 

11 

2 

1 

*0035 

8 

10 

9 

Dow  #7  pre-paint 

11 

2 

1 

.0030 

6 

8 

8 

Dow  #7  pre-paint 

13 

2 

1 

.0015 

4 

5 

4 

Special  vendor  pre-paint 

13 

1 

— 

5 

4 

8 

Special  vendor  pre-paint 

13 

1 

,0010 

£ 

4 

8 

Special  vendor  pre-paint 

13 

1 

5 

5 

8 

Special  vendor  pre-paint 

11 

2 

1 

10 

9 

Dow  #7  pre-paint 

11 

2 

1 

8 

10 

9 

Dow  #7  pre- paint 

22 

2 

1 

.0005 

4 

5 

8 

Dow  #7  pre-paint 

22 

2 

1 

.0005 

4 

5 

8 

Dow  #7  pre-paint 

22 

2 

2 

.0015 

7 

8 

8 

Dow  #7  pre-paint 

22 

2 

2 

.0015 

7 

8 

8 

Dow  #7  pre-paint 

11 

2 

1 

.0035 

7 

6 

8 

Dow  #7  pre- paint 

11 

2 

1 

— 

9 

10 

8 

Dow  jfj  pre- paint 

11 

2 

1 

— - 

10 

9 

9 

Dow  #7  pre- paint 

jlI 

2 

1 

8 

8 

5 

Vapor  Blast  pre-paint 

11, 

2 

1 

— - 

10 

8 

9 

Dow  #7  pre-paint 

2 

< 

2 

.0025 

6 

8 

8 

Chroce  pickle  pre-paint 

2 

2 

2 

.0025 

8 

8 

8 

AN-H-12A  Type  1 chromate  pre-paint 

2 

2 

2 

.0050 

<; 

8 

8 

AN-M-12A  Type  1 chromate  pre- 

paint,  top  coat  baked  30  min. 

at  200°F,  then  15  min.  at  350°F. 

2 

2 

Z 

.0025 

5 

8 

8 

AN-H-L2A  Type  1 chromate  pre- 

paint 

11 

2 

.1 

— 

9 

4 

8 

Dow  #7  pre-paint 

JLX 

& 

J. 

— 

-v 

c 

C* 

w 

- ILn  , — , 4. 

13 

1 

1 

.0010 

n 

1 

8 

Dow  #7  pre-paint 

>i'ADC  TB  52-99 


8 


TABLE  1 (Cont'd) 
YINTLS  AND  MODIFIED  VINYLS 


NO.  OF 
COATS 
INCH'D 
PRIMER 


EVALUATIO 

NO.  OF  OVER-  (SALT  SPRAT,  120  HRS 

FINISHES  ALL  CCR^  | 1 

E.G.  PRIM-  FINISH  ROSION 

ER-TOP  COAT  SYSTEM  RESIST*  AEHE-|BLIST- 

ETC.  THICK.  ANCE  SION 


Dow  #?  pre-paint 
Dow  #7  pre-paint 
Dow  #7  pre-paint 
Dow  #7  pre-paint 
Dow  #7  pre-paint,  clear  resin 
Dow  #7  pre-paint,  clear  resin 
Dow  #7  pre-paint 
Dow  f}7  pre-paint 
Dew  §1  pre-paint 
Dew  #7  pre-paint 
Dow  #7  pre-paint 
Dow  ttl  pre-paint 
Dow  // 7 pre-paint 
Dow  #7  pre-paint 
Dow  #7  pre-pa int 
Dew  #7  pre-paint 
Dow  #7  pre-paint 
Dow  #7  pre-paint 
Stainlesc  steel  pignent.  Phos 
j phoric  Acid  etching. 
Stainless  steel  pigment,  and 
phosphoric  acid  etching,  Dow 
#7  pre-paint 

Stainless  steel  pigment,  Dow 
#7  pre-paint 
Dow  ttl  pre-paint 
Dow  #7  pre-paint 
Dow  #7  pre-paint 
Dew  til  pre-paint 
Dow  #7  pre--paint 
Dow  HI  pre-paint 
Dow  #7  pre-paint 
Dow  fjl  pre-paint 
Dow  ffl  pre-paint 
Dow  fjl  pre -paint 
Dow  ttl  pre-paint 
Dow  ffl  pre*  paint 
Dew  ffl  pre-paint 
No  pre-paint 
Dow  ttl  pre-paint 
Dow  §1  pre-paint 

TV^aj-  ^*7  T'1"  o n 
~ " ' r-  - i 

Dew  ffl  pre-paint 
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TABLE  1 (cont'd. ) 
VINYLS  AND  MODIFIED  VINiLb 


NO.  OF 

OVER- 

EVALUATION’ 

(SAIT  SPRAY.  120  HRS] 

SOURCE 

(KTC.) 

NO,  OF 
COATS 
IN CLOD 
PRIMER 

FINISHES 
E.S.  PRIM- 
ER-TCP  COAT 
ETC. 

ALL 

FINISH 

SYSTEM 

THICK. 

COR- 

ROSION 

RESIST 

ANCE 

■ADHE- 

SION 

EljJjw 

REMARKS 

201 

3 

3 

.0005 

8 

3 

4 

Dow  #7  pre-paint 

202 

3 

3 

.0005 

5 

9 

2 

No  pre-paint 

203 

3 

3 

.0010 

8 

8 

3 

204 

3 

3 

.0010 

5 

8 

2 

No  pre-paint 

206 

11 

2 

1 

.0020 

8 

8 

8 

Dow  #7  pre-paint 

207 

11 

2 

1 

.0020 

4 

8 

8 

Dow  #7  pre-paint,  resin  modified 
to  withstand  lubricants 

208 

11 

2 

1 

.0020 

6 

8 

8 

Dow  #1  pre-paint 

209 

10 

2 

1 

.0020 

10 

8 

Dow  if 7 pre-paint 

210 

10 

2 

1 

.0035 

9 

9 

8 

Dow  #7  pre-paint 

211 

10 

2 

1 

.0030 

9 

3 

8 

212 

10 

2 

1 

.0015 

9 

3 

6 

Dow  #7  pre-paint 

213 

10 

2 

2 

.0030 

9 

5 

9 

Dew  #7  pre-paint 

214 

10 

2 

1 

.0030 

9 

-> 

b 

215 

10 

2 

2 

.0025 

9 

3 

6 

Dow  #7  pre-paint 

216 

10 

2 

1 

.0035 

8 

8 

6 

21? 

10 

1 

.0035 

8 

8 

6 

uow  #7  pre- paint 

218 

10 

2 

.003  5 

10 

10 

9 

Dew  #7  pre-paint 

219 

10 

2 

.00^5 

9 

8 

8 

Dow  #7  pre-paint 

500 

13 

1 11  MB 

— 

6 

4 

8 

Dow  #15  &.  Dow  #7  pre-pa,int 

501 

13 

1 

1 

— 

6 

4 

8 

Dow  #15  & Dew  #7  Pre -paint 

502 

13 

1 

1 

— 

5 

4 

8 

Dow  #7  pre-paint 

503 

13 

1 

1 

— 

5 

4 

3 

Dow  #7  pre-paint 

520 

13 

1 

1 

6 

7 

8 

Dow  #7  pre-paint 

521 

13 

1 

1 

6 

7 

8 

Dow  #7  pre-paint 

522 

13 

1 1 

X 

1 

6 

7 

8 

523 

13 

m 

1 

7 

7 

8 

Dow  #15  & Dow  #7  pre-paint 

524 

13 

SI 

1 

.0010 

r 

O 

6 

525 

13 

SI 

1 

mm 

7 

6 

Dow  #7  pre-paint 

526 

13 

m 

1 

mm. 

7 

6 

DCrw  #15  & Dow  #7  pre-paint 

52? 

13 

mm 

1 

wm 

7 

6 

532 

13 

2 

1 

.0010 

mm., 

7 

7 

533 

13 

2 

1 

.0005 

7 

7 

534 

13; 

i! 

2 

1 

,0010 

H 

7 

7 

Dow  #15  & Dow  #7  pre-paint,  clear 
resin 
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TABLE  2 


ALXTO  AND  HCDIFIED  ALKYD  FINISHES 


— 

| EVALUATION 

HD.  OF 

OVER- 

(SAIT  £ 

■pAT, 

120  HRS 

NO.  OF 

FINISHES 

ALL 

COR- 

COATS 

E.G.  PRIM- 

FINISH 

ROSION 

EB 

SOURCE 

IKCLUD 

ER-TOF  COAT 

SYSTEM 

RESIST- 

ADHE- 

BUST- 

NO. 

(MFC) 

PRIMER 

ETC. 

THICK. 

ANCE 

SION 

ERINC 

REMARKS 

s.c.s 

3 

2 

2 

.0015 

3 

9 

9 

Specification  Control  System 

6 

19 

3 

2 

.0020 

2 

9 

9 

OEL-E-5557,  Enamel  over  Northrop 

Seal  Primer 

18 

17 

2 

1 

.0020 

8 

8 

8 

Dow  #7  pre-paint 

19 

17 

2 

1 

.0025 

4 

7 

6 

Phospate  pre-paint 

32 

11 

2 

1 

.015 

3 

8 

6 

No  pre-paint 

33 

11 

2 

1 

.0010 

4 

8 

7 

No  pre-paint 

34 

11 

2 

1 

.0030 

2 

8 

6 

Specially  treated  ■agnesium 

36 

11 

2 

1 

.0030 

4 

8 

6 

Vapor  blasted  magnesium 

88 

17 

1 

1 

.0010 

4 

5 

7 

Dow  #7  pre-paint 

09 

17 

2 

1 

.0010 

4 

5 

7 

Dow  #7  pre-paint 

90 

17 

n 

1 

A. 

. 0010 

4 

5 

7 

Dow  pre-paint 

134 

23 

2 

1 

.0010 

5 

5 

8 

No  pre-paint 

135 

23 

2 

1 

.0020 

8 

5 

8 

Dow  #7  pre-paint 

147 

23 

2 

1 

.0010 

5 

9 

Dow  §1  pre-paint 

140 

23 

2 

1 

.0010 

r 

9 

Dow  #7  pre-paint 

149 

23 

2 

1 

.0005 

3 

7 

Ko  pre-paint 

150 

23 

2 

1 

.0005 

5 

7 

Dow  #7  pre-paint 

151 

23 

2 

1 

.0020 

8 

n 

l 

No  pre -paint 

152 

23 

2 

1 

.0025 

8 

8 

7 

Dow  #7  pre-paint 

153 

23 

2 

1 

.0020 

6 

7 

No  pre-paint 

154 

23 

2 

1 

.0020 

7 

8 

Dow  #7  pre-paint 

159 

23 

2 

.0020 

5 

7 

No  pre-paint 

16C 

23 

2 

I 

.0010 

5 , 

5 

7 

Dow  #7  pre-paint 

161 

23 

2 

1 

.0010 

5 

6 

Organic  pre-paint 

162 

23 

2 

1 

.0020 

3 

6 

No  pre-paint 

163 

23 

2 

1 

.0020 

C 

7 

Dow  #7  pre-paint 

164 

23 

2 

1 

.0020 

5 

6 

Organ i c p r e-pa int 

165 

23 

2 

1 

5 

e 

> 

No  pre-paint- 

166 

23 

2 

1 

8 

8 

Dow  #7  pre-paint 

167 

23 

2 

* 

X 

3 

6 

Dow  #7  pre-paint 

168 

23 

2 

1 

.0025 

3 

3 

6 

No  pre-paint 

169 

7 

3 

3 

8 

C 

/ 

9 

Dow  #7  pre-paint 

170 

n 

( 

3 

3 

.0025 

8 

9 

9 

Dow  #7  pre-paint 

171 

23 

2 

X 

6 

8 

Dow  #7  pre-paint 

172 

23 

2 

1 

.0015 

5 

8 

No  pre-paint 

173 

23 

2 

1 

.0020 

6 

8 

8 

Dow  #7  pre-paint 

176 

23 

2 

1 

.0015 

5 

n 

t 

Dow  #7  pre-paint 

177 

23 

2 

1 

o0030 

8 

■■ 

7 

Dew  #7  pre-paint 

178 

23 

2 

1 

.0030 

6 

7 

Dew  #7  pre-paint 

186 

23 

2 

1 

.0015 

5 

5 

Dow  frJ7  pre- pa int 

187 

23 

2 

— 

1 

— 

.on« 



" 1 

B 

rr  InAw  
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TABIS  2 (Cont'd) 


AIK  YD  AND  MODIFIED  FINISHES 


PANEL 

NO. 

SOU  Rue. 
(MFC. ) 

NO.  OP 
COATS 
INCLUD 
PRIMER 

NO.  OP 
FINISHES 
E.G.  PRIM- 
ER" TOF  COAT 
ETC. 

OVER- 

ALL 

FINISH 

SYSTEM 

THICK. 

■ eze 

Sbi 

120  HRS] 

REMARKS 

COR- 

ROSION 

RESIST- 

ANCE 

mm 

BLIST- 

ERING 

196 

23 

2 

1 

.0020 

6 

7 

8 

Dow  #?  pre-paint 

197 

23 

2 

1 

.0020 

8 

8 

8 

Dow  #7  pre-paint 

205 

13 

2 

1 

— 

S 

8 

Dow  #7  pre-paint 

220 

25 

2 

1 

.0025 

8 

8 

Dow  #7  pre-paint 

221 

25 

2 

1 

.0015 

8 

8 

Dow  #7  pre-paint 

222 

25 

2 

1 

.0025 

8 

4 

8 

Dow  #7  pre-paint 

508 

13 

2 

.0005 

3 

7 

8 

Dow  #7  pre-paint,  clear  resin 

509 

13 

EH 

2 

.0005 

3 

7 

8 

Duplicate  of  #508 

510 

13 

2 

.0005 

4 

7 

8 

Dow  #15  and  Dow  #7  pre-paint, 

clear  resin 

511 

13 

i 

2 

.0005 

4 

7 

8 

Duplicate  of  #508 

512 

12 

2 

3 

.0025 

2 

7 

7 

Dow  #?  pre-paint 

513 

13 

2 

3 

.0035 

2 

7 

7 

Duplicate  of  #512 

511 

13 

2 

3 

.00^0 

2 

7 

6 

Dow  #15  and  Dow  #7  pre-paint 

515 

13 

2 

3 

.0030 

2 

7 

6 

Duplicate  of  #514 

541 

13 

2 

1 

.0005 

5 

7 

6 

Dow  #7  pre-paint,  clear  resin 

542 

13 

2 

1 

.0005 

4 I 

7 

6 

Dow  #15  pre-paint,  clear  resin 

543 

13 

2 

1 

.0005 

, 4 

7 

6 

Dow  #15  and  Dow  #7  pre-paint. 

clear  resin 
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TABLE  1 


ACRYLIC  ANT)  MODlFEj  ACRYLIC  FININSHES 


| NO.  OF 

OVER- 

EVA 
(SALT  S 

lLUATIC 

FRAY, 

)N 

12C  HRS 

PANEL 

NO. 

SOURCE 

(MFG.) 

9 

ALL 

FINISH 

SYSTEM 

THICK 

COR- 

ROSION 

RESIST- 

ANCE 

ADHE- 

SION 

BLIST- 

ERING 

REMARKS 

S.C.S. 

3 

i 

.0015 

3 

9 

9 

Special  Control  System 

20 

5 

2 

2 

.0025 

8 

8 

8 

Dow  #7  pre-paint;  10  days  cure 
time 

23 

5 

2 

2 

.0020 

4 

6 

3 

#20,  no  pre-paint;  3 days  care 
time 

24 

5 

3 

3 

.0025 

5 

8 

4 

No  pre-paint;  10  days  cure  time 

25 

5 

3 

2 

.0080 

3 

6 

3 

No  pre-paint;  10  days  cure  time 

26 

5 

2 

2 

.0035 

3 

6 

3 

No  pre-paint;  10  days  cure  time, 
clear  resin 

27 

5 

4 

3 

.0055 

3 

6 

3 

No  pre-paint;  10  days  cure  time 

28 

5 

2 

2 

.0030 

3 

6 

3 

No  pre-paint;  10  days  cure  time 

74 

5 

3 

3 

.0060 

8 

4 

8 

No  pre-paint 

75 

5 

3 

3 

.0085 

8 

7 

8 

#74,  Dow  #7  pre-paint 

76 

5 

3 

3 

.0060 

9 

8 

9 

Dow  #7  pre-paint 

77 

5 

3 

3 

.0085 

8 

7 

9 

Dow  #7  pre-paint 

95 

5 

3 

3 

.0055 

9 

7 

8 

Dow  #7  pre-paint 

96 

5 

3 

3 

.0055 

10 

8 

9 

Dow  #7  pre-paint 

97 

5 

3 

3 

.0060 

10 

8 

9 

Dow  #7  pre-paint 

98 

5 

3 

3 

.0070 

10 

8 

9 

Dow  #7  pre -paint 

99 

5 

3 

3 

.0070 

9 

Dow  #7  pre -paint 

127 

5 

3 

3 

.0030 

9 

Dow  #7  pre-paint 

128 

5 

3 

3 

.0030 

8 

Dow  #7  pre-paint 

129 

5 

3 

3 

.0010 

9 

Dow  #7  pre-paint 

130 

5 

3 

3 

5 ! 

8 

Dow  #7  pre-paint 

131 

5 

3 

7 

.0025 

8 

9 

Dow  #7  pre-paint 

132 

5 

2 

2 

8 

7 

Dow  #7  pre-pair.t 

133 

5 

2 

2 

8 

7 

Dow  #7  pre-paint 

140 

5 

2 

2 

7 

8 

Dew  #7  pre-pair.t 

141 

5 

2 

2 

.0025 

8 

Dow  #7  pre-paint 

142 

5 

2 

1 

5 

8 

Dew  #7  pre-paint 

143 

5 

2 

2 

.0030 

Dew  #7  pre-paint 

144 

5 

2 

2 

.0025 

Dow  #7  pre-paint 

KADC  TS  52-99 
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TABLE  4 


MISCELLANEOUS  VEHICLES 


PANEL 

NO. 

SOURCE 
(MFC. ) 

NO.  OF 
COATS 
IN CLUE. 
FRTMKR 

NO.  OF 
FINISHES 
E.G.  PRIM- 
ER-TOP COAT 
ETC. 

OVER- 

ALL 

FINISH 

SYSTEM 

THICK. 

5391 

< 

L20  HRS' 

REMARKS 

COR- 

ROSION 

RESIST- 

ANCE 

ADHE- 

SION 

BLIST- 

ERING 

PHENOLIC 

FINIS? 

rES 

125 

21 

1 

1 

WHOM 

^2 

8 

5 

No  pre-paint,  baked  clear  resin 

126 

21 

1 

1 

4 

8 

6 

Bow  #7  pre-paint,  baked  clear 

resin 

180 

19 

1 

1 

.0005 

8 

Q 

j 

Q 

/ 

Dow  #7.  pre-paint,  clear  resin 

188 

15 

2 

1 

— 

6 

9 

8 

Dow  #7  pre-paint,  baked  clear 

resin 

189 

15 

2 

1 

— 

7 

9 

8 

Dow  #7  pre-paint,  baked  clear 

resin 

CERAMIC 

FLNISHES 

111 

3 

1 

1 

2 

10 

9 

Low  temperature  fired  ceramic.  No 

pre- paint 

112 

3 

1 

1 

— 

2 

10 

9 

Low  temperature  fired  ceramic.  No 

pre- pa  int 

CHLORINATED  RUBBER 

FINISHES 

16 

8 

2 

1 

.0015 

6 

7 

6 

Dow  # 7 pre-paint 

mm 

8 

2 

1 

. 0015 

6 

7 

6 

Phosphate  pre-paint 

ESI 

12 

2 

1 

.0020 

3 

4 

3 

Dow  #7  pre-paint 

175 

12 

2 

1 

— 

1 

4 

2 

No  pre-paint 

516 

13 

2 

1 

.0020 

5 

7 

7 

Dow  #7  pre-paint,  clear  resin 

517 

13 

2 

1 

.0015 

5 

7 

n 

t 

Dow  #7  pre-paint,  clear  resin 

518 

13 

2 

1 

.0020 

4 

7 

7 

Dow  #?  and  Dow  #15  pre -paint, 

clear  resin 

519 

13 

2 

1 

.0015 

4 

n 

f 

7 

Dow  #7  and  Dow  #15  pre-paint. 

clear  resin 

538 

13 

2 

1 

.0015 

4 

8 

7 

Dow  #7  pre-paint,  clear  resin 

539 

13 

2 

1 

.0010 

2 

8 

6 

Dow  #15  and  Dow  #7  pre-paintj 

clear  resin 

540 

13 

2 

1 

.0015 

2 

8 

6 

Dow  #15  and  Dow  #7  pre-paint. 

clear  resin 

VADC  TE  52-99 
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TABLE  4 (Cont'd) 
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TABLE  5 


I 

I 


HAS  REFRACTORY  CQAT1NC- 


CCATIiC* 

PRE-PAINT 

A c mm 

Lrubmi 

11 " 

CORECSION 

FEQTECTICN 

nT.ISTERIiC 

ADHESION 

£ 

HAE 

6 

o 

/ 

10 

i 

HAE 

8 

9 

10 

A 

Dow  #7 

n 

<, 

9 

8 

A 

Dow  m 

2 

9 

8 

E 

HAE 

7 

7 

10 

B 

HAE 

8 

Q 

/ 

10 

B 

Dow  #7 

8 

7 

6 

tJ 

«r 

Dow  #7 

7 

7 

6 

K 

HAE 

8 

9 

10 

a 

« i 

HAE 

7 

9 

10 

H 

Dow  #7 

9 

8 

Q 

/■ 

H 

Dow  #7 

9 

8 

9 

Northrop 

HAE 

7 

9 

10 

Seal  Primer 

Northrop 

HAE 

6 

9 

10 

Seal  Primer 

None 

HAE  & Sil- 
icone Lub- 
ricant 

5 

N'>ne 

HAE  & 3 11- 
icone  Lub- 
ricant 

5 

None 

Wax  orer 
HAE 

7 

— 

— 

*Code  letters  refer  to  finishes  listed  in  Table  VI; 


I 

) 
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3.2 


Part-  2 - Evaluation  Tests 


3.2.1  Finishes  and  finish  systems  subjected  to  over-all  evaluation 
testing  were  selected  primarily  on  the  basis  of  performance 
in  the  preceding  Screening  Tests.  However  salt  spray  per- 
formance vaB  not  a rigid  requirement  since  it  vaa  desirahle 
to  subject  as  many  premising  finishes  as  possible  to  the  full 
evaluation  program. 

3.2.2  The  test  results  are  listed  in  tabular  form*  and  each  finish 
or  finish  system  is  identified  by  a cod®  letter.  The  source 
and  full  description  of  each  finish  is  contained  in  a separate 
appendix  to  this  report.  Note  that  all  evaluated  finishes 
with  the  exception  of  the  Specification  Control  system,  were 
of  the  air-dry  vinyl  type:  primer,  top-coat,  dr  both  (see 
Discussion,  Section  4). 

3*2.3  The  numerical  rating  system  simply  defines  the  degree  of  per- 
formance from  1 (very  poor  or  complete  failure ) to  10  (ex- 
cellent o?  no  offset). 


WADC  xS  52-99 
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3.3 


Part  3 - Electro ch epical  Test  Data 


3.3.1  Ins  test  results  presented  here  iiave  not  been  used  directly  in 
the  evaluation  of  proprietary  finishes;  however,  the  trends  and 
basic  data  have  been  useful  in  promoting  better  understanding 
of  the  corrosion  mechanisms  and  aided  in  the  sore  accurate  fin- 
ish evaluation.  See  Discussion,  Section  4. 


TABLE  7 

KAJjKBS  IDK.  CORROSION  INH  ZBITOttb 


Compound 


Rating  (Anode 
Inhibition) 


Remarks* 


Barium  Sulfide  8 

Cadmium  Sulfide  5 

C*ii ciu3  Sulfide  7 

Sodium  Sulfide  8f 

Zinc  Sulfide  7 

gsri'sa  Potassium  3+ 

Chrcoate 

Strontium  Chrocate  6+ 

Zinc  Chromate  6 

Basic  Zinc  Chroma ts  4 

Titanium  Dioxide  1 

Zinc  Oxide  1 

Sodium  Aluminate  5 

Sodium  Arsenits  6 

Sodium  Fluoride  7+ 

Sodium  Pyro-phospilate  7 

"Chromic  Phosphate"1  6 

Hydroquinone  7+ 

8-Hydroxyquinoline  7+ 


Excellent  inhibition.  Mills  well. 

Very  good  inhibition.  Mills  well  with  vehicle. 
Excellent  inhibition.  May  be  too  water  soluble 
for  effective  formulations. 


Vary  poor  inhibition.  Specimen  appearance  worse 
than  control. 

Not  so  severe  as  TiC^,  but  apparently  no  in- 
hibition. 


Water  solubility  may  be  detrimental. 

New  proprietary  pigment  reported  as  containing 
trivalent  cation.  Inhibition  fair.  Mills  well. 

Voiy  good  inhibition.  Soluble  in  vehicle. 
Appears  to  retard  drying. 


♦Inhibition  remarks  apply  only  to  performance  in  the  inversion  cell, 
WADS  is  52-99 
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GALVANIC  CURRENT  IN  HI 


PLOT  OF  CURRENT  VERSUS  TIME 
IN  GALVANIC  CELL 


COATING 

PIERCED 

HERE 


Anode:  Magnesium  with  proprietary 

coating 

Cathode:  Alclad  Alorainun 

Coating  reported  in  panel  #78 
(corrosion  protection  excellent) 


COATING  THICKNESS  0.0020" 


SO  CURRENT 
DURING  FIRST 
30  MINUTES 


FIGURE  1 


10  20  30  AO  50  60  70  80  90 

ELAPSED  TIME  IN  MINUTES 
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GALVANIC  CURRENT  IN  MICROAMPERES 


45.0 


PLOT  OP  CURRENT  VERSUS  TIME 
IN  GALVANIC  CKI.T. 


40.0 


Anode:  Magnesium  with  zinc  chromate  primer 

(Northrop  Seal  Primer  used  in  lieu  of 
KIL-p-6889) 

Cathode:  Alclad  Aluminun 


35.0  [ 


30.0 


25.0  L 


ELAPSED  TIME  IN  MINUTES 
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GALVASIC  OUHHEHT  HI  HI 
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POLARIZATION  CURVES  FOB 
UNTREATED  MAGNESIUM 


*AiC  23  53-199 
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GALVANIC  CURRENT  IN  MICRO, 


120  140  160  100  200  220  2,^  260  200  300  320  340 
GAI.VAMIC  CURKFMT  IN  MICROAMPERES 


YATYi  TR 
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o 

-4 


o 

OJ 


uJ 

o 

o 


-4 


o 

<N 


o 


WQC  TR  % 
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'100  120  140  16c  ISO  200  220  240  26C  280  300 

C-ALVANIC  Cl/RHKNT  IN  MICHQAMPEHES 


4.  DISCUSSION; 


4.1  The  criteria  listed  in  Test  Results  for  the  evaluati on  of  the  more 
satisfactory  finishes  are  believed  to  bet,  hose  of  primary  interest 
in  the  determination  of  a satisfactory  finish.  The  numerical  rating 
system  was  established  to  allow  fine  gradients  from  ,1goodt1  to  f1hadn‘ 
and  was  based  upon  average  expected  results,  or  upon  performance  of 
the  Specification  system,  depending  on  the  particular  test.  Since  the 
ratings  are  all  relative,  simple  addition  of  the.  ratings  for  the  various 
exposure  conditons  of  interest  will  allow  selection  of  the  most  satis- 
factory finish, 

4.2  An  analysis  of  the  results  of  the  screening  tests  leads  to  several  in- 
teresting generalisations.  One  is  that  the  corrosion  protection  offer= 

©d  by  baked  films  is  not  significantly  better  than  that  of  the  air-dry 
films.  Since  the  adhesion  of  baked  films  was  normally  better  than  that 
of  the  air-dry,  the  inference  is  that  adhesion  (and  related  properties) 
is  not  in  itself  a significant  factor  for  magnesium  protection.  This 
thought  is  substantiated  by  the  lack  of  correlation  of  adhesion  with 
corrosion  protection  of  the  air-dry  films.  However,  for  a particular 
type  of  finish,  e.g.  a chromate  pigmented  vinyl,  adhesion  is  a factor 

of  corrosion  resistance. 

4»3  Another  interesting  generalization  is  that  superior  protection  has  not  been 
achieved  with  any  of  the  clear  finishes  tested,  although  ion  conduction 
tests  by  the  electrochemical  method  showed  no  measurable  permeation, 

This  fact  allows  the  presumption  that,  for  a non-perfect  film,  which  is 
the  condition  of  virtually  all  production  painted  assemblies,  an  inhib- 
iting pigment  is  essential  for  superior  performance 

4.4  It  is  noted  that  the  large  majority  of  the  more  satisfactory  primers  and 
finish  BjetaffiB  tasted  are  of  the  sc— colled  vinyl  type,  meaning  that  the 
paint  resin  is  primarily  polyvinyl  chloride  or  a copolymer  of  vinyl 
chloride-vxnji  acetate.  Since  most  of  tbs  finishes  tested  are  proprietary, 
precise  formulations  have  not  bssn  disclosed.  However,  it  is  known 

that  virtually  a,1T  of  the  " vinyls M are  modified  by  oils  and  by  other  resins 
such  as  melamine,  phenolic,  and  aikyd.  The  r,v±nyls°  wore  selected  by 
most  cosssrci&l  finish  suppliers  as  the  most  probable  magnesium  finish 
presumably  because  of  the  inherent  low  permeability,  and  modifications 
were  for  the  purpose  of  enhancing  film  properties  such  as  adhesion, 
flexibility,  etc. 

4.5  At  the  beginning  of  the  project,  the  theory  was  advanced  that  the  more 
satisfactory  magnesium  finishes  would  be  t-hoee  having  the  lover  acid 
naabers,  i.e.  shoving  less  tendency  to  react  with  alkaline  solutions. 

The  reasoning  was  that  in  the  normal  imperfect  film,  water  would  perm- 
erate  to  th*  magnesium  surface  arid  cause  some  hydrolysis  with  consequent 
release  of  hydroxyl  ions.  If  the  finish  were  high  in  acid  mmber,  the 
alkaline  solution  so  formed  would  react  with  the  film  and  cause  loss  of 
adhesion  and  protective  properties,  resulting  eventually  in  severe  cor- 
rosion. In  line  with  this  presumption,  the  majority  of  finishes  supplied 


< du 
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for  this  te3t  project  were  low  in  acid  nsiber  (5  or  below),  However, 
low  acid  number  cannot  be  specified  as  an  independent  variable  or  an 
essential  property.  Obviously,  if  the  finish  is  sufficiently  imperm- 
eable and  water  resistant,  and  no  breaks  exist  in  the  film,  virtually 
no  corrosion  will  occur  and  alkaline  resistance  (and  low  acid  number) 
is  not  necessary.  In  the  case  of  most  imperfect  organic  files,  some 
corrosion  will  occur  initially,  and  alkaline  resistance  is  essential, 
and  consequently  low  acid  numbers  are  probably  also  essential.  This 
is  particularly  true  if  the  acid  number  is  measure  of  the  free  car- 
boxyl groups  in  the  resin  or  modi flying  oils.  This  theory  ha3  been 
neither  proved  nor  disproved  by  the  test  results  of  this  project;  how- 
ever, the  contention  that  alkaline  reactivity  is  detrimental  to  mag- 
nesium finish  is  reasonable  and  substantiates  this  contractor's  observ- 
ation that  paints  and  primers  developed  for  neutral  or  acid  hydrolyzing 
metals  are  unsuitable  for  magnesium^ 

4.6  The  study  of  pre-paint  treatments  was  not  a specified  part  of  this 
project.  However,  some  test  panels  were  given  treatment  other  than  the 
specified  dichromate  (Dow  #7)  or  left  bare  for  the  purpose  of  furthering 
the  understanding  of  primer  compatibility.  Some  interesting  phenomena 
have  been  observed.  For  example,  a drop  of  distilled  water  placed  on  a 
fresh,  mechanically  cleaned  magnesium  surface  will  quickly  (within 
minutes)  reach  an  equilibrium  pH  of  approximately  9.5-10,  If  the  surface 
is  given  a Dow  £7  treatment,  the  hydrolysis  pH  will  be  approximately 
8.0  - 8.5.  For  several  different  phosphate  and  sulfur-bearing  chemical 
surface  conversion  treatments,  the  degree  of  paint  adhesion  appeared  to 
be  a function  of  this  hydrolysis  pH.  The  time  required  for  finish 
evaluations  did  not  permit  further  verification  of  this  phenomenon  or 
refinessst  of  laboratory  techniques. 

4.7  Almost  without  exception,  Dow  #1  pre-paint  treatment  gave  superior  re- 
sults for  the  finishes  tested,  over  the  use  of  untreated  surfaces  or 
other  experimental  treatments.  Note  that  aaveral  panela  treated  with  the 
new  Trankford  Arsenal  HAS  coating  were  tested.  This  treatment  produced' 
excellent  primer  adhesion,  superior  to  any  other  treatment  attempted, 

Ae  a function  of  adhesion,  the  oorrosion  protection  of  a good  finish 
was  improved,  although  it  appeared  that  the  protection  was  still  pri- 
marily dependent  upon  the  primer  properties,  i.e.  the  HAD  treatment  did 
not  offer  significant  corrosion  protection  in  itself.  This  is  a reason- 
able observation  since  it  is  known  that  the  dichromate  surface  allows 
the  release  of  soluble  inhibiting  ions,  and  some  measure  of  the  galvanic 
protection  Is  due  to  these  ions.  It  is  improbable  that  such  release 
occurs  with  the  HAS  coating. 

4.8  It  is  entirely  possible  that  the  HAE  coating  would  be  quite  beneficial 
in  applications  where  mechanical  protection  of  the  magnesium  surface 
is  essential.  As  previously  stated,  this  test  project  was  directed 

on  the  assumption  that  galvanic  corrosion  reduction  was  the  primary 
goal,  and  corrosion  test3  were  such  that  inhibition  was  essential  to 
superior  performance. 


4.9 


It  was  noted  that  the  HAS  magnesium  coating  was  brittle  and  would  flake 
readily  when  the  panel  was  bent.  However,  the  same  is  true  of  the  Dow  #7 
dichromate  surface  when  subjected  to  flexibility  tests  without  a paint 
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finish  (‘bending  of  a .040  or  -051  panel  over  a 0.50  diameter  mandrel  at 
room  temperature)*  Some  experimentation  with  a coating;  involving  the 
formation  of  a magnesiim  organic  complex  on  the  panel  surface  shows 
that  it  is  possible  to  produce  a coating  that  will  withstand  this  bend 
test.  Further  investigation  into  the  effect  of  pre-paint  coating  brittle- 
ness should  be  beneficial. 


4*10  Kith  the  exception  of  one  acrylic-type  finish  and  the  specification 
control  eystoa  (alkyd  primer,  enamel  top-coat),  all  finishes  sub- 
jected tc  evaluation  testing  consisted  of  air-dry  vinyl  primers. 

In  most  cases,  top-coats  were  also  of  the  vinyl  or' modified  vinyl 
type*  Since  baked  finishes  did  not  show  any  significant  improvement 
in  protection  over  the  air-dry  types  and  are  not  desirable  for  air- 
frame use  from  a production  viewpoint,  it  was  not  felt  that  evaluation 
of  baked  finishes  in  the  final  phase  of  this  project  would  be  bene- 
ficial. However,  future  work  on  the  evaluation  of  baked  finishes 
might  be  desirable  because  the  improved  mechanical  properties  may  be 
of  value  in  special  applications,  particularly  for  equipment  items. 

Hie  selection  of  vinyl-type  finishes  was  simply  because  of  their 
superior  performance  in  screening  teats. 

4.11  The  outdoor  weathering  test  employed  for  this  project  showed  remark- 
able changes  in  results  for  exposure  at  different  s easons.  Exposure 
of  the  specification  control  system  for  the  three  mouth*  - December. 
January  and  February  - did  not  produce  significant  corrosion,  although 
representative  vinyl  systems  showed  some  blistering.  Considerably 
more  severe  results  were  obtained  for  two  weeks  exposure  beginning 

in  March  than  far  the  entire  three  months  preceding,.  For  both  periods, 
the  exposure  was  accelerated  by  daily  spray  application  of  natural 
sea  water.  This  difference  probably  demonstrates  the  significance  of 
exposure  at  different  conditions  of  solar  radiation  and  temperature, 
since  ths  ac  cals  rated  two-week  period  had  average  temperatures 

of  approximately  ,10°F.  greater  than  during  the  preceding  three  months^ 
It  was  also  interesting  to  note  that  the  relative  standing  of  the 
various  finishes  were  mare  closely  aligned  with  salt  spray  ratings 
during  the  rapid  corrosion  than  during  the  slow  three  month  period, 

4.12  The  studies  of  galvanic  cell  action  and  the  resulting  plots  submitted 
in  the  "Test  Results"  section  of  this  report  were  primarily  for  the 
purpose  of  gaining  further  insight  into  the  mechanisms  of  galvanic 
corrosion  and  polarization  effects.  The  results  obtained  were  n^t 
used  directly  in  the  formulation  of  the  evaluated  finishes,  although 
more  accurate  evaluations  were  possible  knewing  the  nature  of  the 
galvanic  action.  For  the  plots  of  cell  current  vs.  half -call  po- 
tential, the  shape  of  the  curves  are  not  of  critical  importance  as 
far  as  determining  effectiveness  of  a particular  inhibitor.  Of  more 
significant  interest  is  the  increase  or  decrease  of  limiting  short- 
circuit  current  with  the  addition  of  a polarizing  or  depolarizing 
material  in  the  cell  compartments. 


4.13  Tb3  electroehaaicai  techniques  utilized  in  a preliminary  manner  in 
this  project  should  be  quite  useful  in  further  development  i-ork  for 
magnesium  coating  fonnu] ations,  As  stated,  in  the  galvanic  cell  test 
method,  seme  application  01  the  galvanic  cell  test  data  was  attsnpted 
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by  Northrcp  laboratory  personnel  with  promising  results  in  that  a 
permeable  vehicle  film,  by  addition  of  inhibit >rs,  was  made  to  pro- 
tect magnesium  almost  as  well  as  the  much  less  permeable  vinyl  film 
with  conventional  zinc  chromate  pigment.  While  Northrop  will  continue 
some  study  on  this  mechanism  of  galvanic  corrosion  protection,  it  is 
hoped  that  the  curves  presented  herein  and  the  brief  discussion  given 
will  generate  further  interest  in  the  industry  for  this  type  of  re- 
search. 
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FIGUR3  9 STANDARD  DISSIMILAR  METAL  TEST  PANEL 
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